ABSTRACT: In the present study, the effects of two spatial repellents (SR) were determined for Aedes aegypti and Ae albopictus, the main vectors of dengue, Chikungunya, and Zika fever. The modular high-throughput screening system (HITSS) was used to evaluate the response of both species to transfluthrin and linalool SR at different concentrations. The highest spatial repellency results for Ae. aegypti were obtained by transfluthrin to 0.001% with 37.50 ± 4.33%, and for linalool to 10% with 77.50 ± 3.90%. For Ae. albopictus, the highest spatial repellency percentages for transfluthrin 0.01% were 45.00 ± 3.78%, and linalool at 1% and 10% were 56.25 ± 7.06% and 56.25 ± 6.46%, respectively. Transfluthrin caused high levels of mortality with 71.25 ± 6.66%, 79.75 ± 8.65%, and 100% to Ae. aegypti and 70.00 ± 5.98% and 98.75 ± 0.82% to Aedes albopcitus. With the results of this study, we concluded that both the transfluthrin and linalool could be used as protection measures against the bite of Ae. aegypti and Ae. albopictus in the integral strategies for the control of vectors in Mexico. Journal of Vector Ecology 44 (1): 89-93. 2019.
INTRODUCTION
In 2017, the Secretary of Health of Mexico reported 14,138 confirmed cases of dengue with 34 deaths, 61 confirmed cases of Chikungunya fever and 3,260 cases of Zika, of which 1,844 were confirmed cases in pregnant women. The introduction of Chikungunya and Zika disease in Mexico is recent and requires increasing efforts to control the mosquito vector, which is distributed in almost the entire national territory. The control measures to reduce these diseases are based on the control of vector mosquitoes with insecticides, community participation, elimination of breeding sites, and protection against biting using repellents. The latter have the function of avoiding human-vector contact and can be topical or spatial.
Topical repellents are substances that are applied directly to the host's skin, producing limited repellency only in the one who uses it and at the site where it is applied. For their part, the spatial repellents, being of low molecular weight, produce a mosquito-free area protecting the people within it. Studies of spatial repellents attempt to understand how the product works and how it interferes with the behavior of the vector, in order that these products can be used for the prevention of the transmission of these diseases (Grieco et al. 2007 ). In addition, the increase in the cases of these diseases, as well as the increase in the resistance of the vectors towards the insecticides used make it necessary to search for new strategies to reduce the populations of mosquitoes and to reduce the contact human-vector. Although spatial repellents are not yet fully recognized as a component of vector control strategies, there are sufficient arguments for the change of this policy to the benefit of public health. These products could have a short-term effect by protecting from mosquito bites at the sites where they were released and in the long-term by selection pressure by modifying mosquito host-seeking behavior (Achee et al. 2012) .
The use of spatial repellents for the maintenance of vector-free areas can be a control option. However, more studies are needed to check the effectiveness in reducing the cases of disease, which is an important consideration for the acceptance of the spatial repellents. For the present study, evidence of the effect of transfuthrin and linalool on Aedes aegypti and Ae. albopictus is reported.
MATERIALS AND METHODS

Mosquitoes
Female Ae. aegypti mosquitoes (New Orleans strain) were obtained from a colony established in the insectary of the Regional Center for Research in Public Health (CRISP). In the case of Ae. albopictus, larvae and eggs were fieldcollected with outdoor ovitraps in two neighborhoods of Tapachula, Chiapas. The mosquitoes used for bioassays were four to seven days old, nulliparous without blood-feeding, and raised at a temperature of 27 ± 2° C, a relative humidity of 80 ± 10%, and a photoperiod of 12:12 (L:D). Mosquitoes were maintained with 10% sugar-impregnated cotton which was withdrawn five h before the experiments.
Spatial repellents (SR)
The SRs used were transfluthrin 99.9% and linalool 97% (Sigma-Aldrich, Toluca Edo. de México) at concentrations of 0.0005, 0.001, 0.005, 0.01, 0.1, 1, and 10%. Both products were selected due to previous reports indicating their properties as spatial repellents. DEET 97% (Sigma-Aldrich, Toluca Edo. de Mexico) to the same concentrations was used as a positive control. Acetone 99.5% (Binden ®) was used as a solvent and negative control. Filter paper (2x4 cm, Whatman No. 1) obtained commercially was impregnated with 150 µL of the treatment 5 min before each bioassay. The filter paper was treated with the same volume of the solvent (negative control).
Repellency bioassays
The spatial repellents were evaluated in the highthroughput screening system (HITSS) spatial repellency assay (SRA) (Grieco et al. 2007) . The system has a modular design that allows evaluating responses of contact irritation, spatial repellency (SR), and toxicity of the products. Twenty Ae. aegypti and Ae. albopictus were used for each repetition, with repellent and concentration placed in the central compartment and the system covered with a dark cloth to avoid the passage of light. Subsequently, the butterfly valves were opened simultaneously and exposed to the treatments for 20 min, after which the number of mosquitoes was counted in each chamber. The mosquitoes were extracted from the chambers and placed in glasses to observe mortality at 24 h. Eight repetitions were carried out for each concentration and the exposed mosquitoes were replaced in each bioassay and the system was washed with acetone and aerated between repetitions.
Statistical analysis
The determination of the best concentrations of spatial repellents and mortality data for both species were analyzed by a two-way analysis of variance along with a Tukey test as multiple means comparison. All analyses were carried out using the SAS program (SAS, Institute Inc., Cary NC, U.S.A. V. 9 for Windows 2002). Finally, the Spatial Activity Index (SAI = (Nc-Nt)/(Nc + Nt) × (Nm/N)) was calculated, where Nc = number of mosquitoes in the control cylinder and Nt = number of mosquitoes in the treatment cylinder. Results closer to 1 indicate greater spatial repellency (Grieco et al. 2007 ).
RESULTS
The bioassays showed that all the treatments caused spatial repellence of the mosquitoes at different scales, according to the chemical product and the concentration used (Table 1) . When comparing the results, there were significant differences among concentrations for Ae. aegypti (F = 36.49, df = 6, p = 0.0001) and repellents (F = 0.54, df = 1, p = 0.0001). For Ae. albopictus, also, significant differences were found dependent on concentrations (F = 40.62, df = 20, p = 0.0001) and also for repellents (F = 4.61, df = 20, p = 0.0001).
Aedes aegypti bioassays
Bioassay results with Ae. aegypti indicated that transfluthrin to 0.001% obtained the highest spatial repellency rate of 37.50 ± 4.33%, with a SAI of 0.06 ± 0.06. The concentration of transfluthrin at 0.0005% yielded attractive spatial activity of 47.5 ± 5.09%, with a SAI of -0.23 ± 0.07. In the same way, it was observed that for the seven concentrations, percentages of mortality were obtained at 24-h post-exposure (Figure 1 ). However, treatments of 0.0005, 1, and 10% obtained the highest mortality percentages with 71.25 ± 6.66%, 79.75 ± 8.65%, and 100%, respectively (F = 33.39, df = 6, p = 0.0001). In the case of linalool 10%, the best spatial repellency percentage was obtained with 77.50 ± 3.90% (SAI = 0.78 ± 0.04), followed by 1% linalool with 48.13 ± 6.88% (SAI = 0.48 ± 0.07). For the rest of the concentrations, repellency percentages were below 10%. For DEET, it was observed that at 10% concentration, a repellency of 18.13 ± 3.40% was obtained with a SAI = 0.18 ± 0.03. For the rest of the concentrations, repellency percentages were obtained below 15% (Figure 2) . Low mortality at 24-h postexposure in the seven concentrations was observed for both linalool and DEET.
Aedes albopictus bioassays
Transfluthrin at 0.01% obtained the best spatial repellency of 45.00 ± 3.78%, with a SAI of 0.38 ± 0.03. The concentration of transfluthrin to 10% obtained a percentage of attractive spatial activity of 52.50 ± 3.85%, with a SAI of -0.24 ± 0.08. In terms of mortality, transfluthrin treatments at 1 and 10% caused the highest percentages with 70.00 ± 5.98% and 98.75 ± 0.82% respectively (F = 114.39, df = 6, p = 0.0001) (Figure 1 ). In the case of linalool at 1 and 10%, the best spatial repellency percentages were obtained with 56.25 ± 7.06% and 56.25 ± 6.46%, with SAI = 0.38 ± 0.09 and SAI = 0.34 ± 0.13, respectively. The rest of the concentrations showed repellency percentages between 54.38 ± 4.06% and 31.88 ± 5.34%. For DEET, the 0.1% concentration produced a repellency of 44.38 ± 4.27% with a SAI = 0.25 ± 0.06. The rest of the concentrations showed repellency percentages between 36.25 ± 2.80% and 21.25 ± 4.41% (Figure 2 ). Both linalool and DEET produced low mortality at 24-h post-exposure for those concentrations.
DISCUSSION
The compounds transfluthrin, linalool, and DEET evaluated in this study showed spatial repellency effects that varied depending on the concentration and the repellent used (Table 1) . The transfluthrin showed similar repellency percentages for the concentrations evaluated for both Ae. aegypti and Ae. albopictus, in addition to presenting mortalities of up to 100% at 24-h post-exposure. For Ae. aegypti, the best concentration of transfluthrin was 0.001%, according to the percentage of repellency. For Ae. albopictus, the transfluthrin at 0.01% obtained the best percentage of spatial repellency and Spatial Activity Index for the same concentration.
On the other hand, the transfluthrin concentration of 0.0005% resulted in attractant activity of 47.5 ± 5.09%, with a SAI of -0.23 ± 0.07 for Ae. aegypti, and for Ae. albopictus the transfluthrin concentration of 10% obtained the best attraction percentage of 52.5 ± 3.85%, with a SAI of -0.24 ± 0.08. These results can be compared with the results presented by Ogoma et al. (2014) on the response of Anopheles gambiae (ss) exposed to coils of transfluthrin (0.03, 0.015, and 0.0045%), where the proportion of actívated mosquitoes depended on the concentration. At the highest concentration, 82% of the mosquitoes left the central treatment chamber when the coil was placed near the human bait. In our study it was found that the concentration of 0.0045% showed a higher percentage of attraction (69%) compared to 33% in the control (human).
It appears that transfluthrin is capable of producing repellent effects through behavior disruptive mechanisms for Ae. aegypti and Ae. albopictus. Also, previous studies show that transfluthrin can be impregnated in various materials such as sisal or burlap fabrics (Ogoma et al. 2012, Nicodem and Ogoma 2015) , commonly used fabrics, coils, or Raidolitos (Ogoma et al. 2014 ). We used filter paper (Whatman No. 1), indicating that transfluthrin is a product that can be applied in various substrates. This product has been shown to be effective for different mosquito genera such as Anopheles, Culex (Masalu et al. 2017) and Aedes, so it could be use in vector control strategies such as "Push & Pull" or "Lure & Kill. "
It was possible to highlight the double effect of repellency and mortality for transfluthrin on Ae. aegypti in the seven concentrations, with mortality percentages observed at 24-h post-exposure. Transfluthrin concentrations of 10% produced 100% mortality. In studies with Ae. albopictus, mortality percentages were observed in the seven concentrations with the highest, also for Ae. aegypti, for transfluthrin at 10% with 98.75 ± 0.82%. This is because pyrethroids act by interfering with the functions of the nervous system with effects such as over-excitation, motor nerve disease, longterm muscular contractions and total obstruction of nerve impulses. Death can come from the combination of two or more of these mechanisms. It is important to emphasize that transfluthrin and metofluthrin are not phytotoxic, have strong impacts on pest control, are safer than carbamates and organophosphorus, are more stable than pyrethrins, and are less persistent than the organochlorines. Grieco et al. (2007) stated that the disadvantages caused by the use of pyrethroids can be reduced by using sublethal doses with effects such as irritation and spatial repellency, thereby mitigating the effects of resistance to these products (Achee et al. 2012) .
The best spatial repellency effect in linalool bioassays with Ae. aegypti was 10%, whereas for Ae. albopictus the best percentages of spatial repellency were concentrations of 1% and 10%. These results were similar to those obtained by Müller et al (2009) , where a repellency of 58-93% was obtained for mosquitoes of the genus Aedes spp and Culex spp. This demonstrates the ability of a repellent of natural origin, such as linalool, to repel different species of mosquitoes. However, despite the fact that the repellency percentages are higher than of transfluthrin, the best repellency percentage is observed at the highest concentrations and no mortality effect is observed at 24 h as in the case of transfluthrin. Linalool is a product with great potential if one seeks only to affect vector behavior, as it focuses only on spatial repellency. In addition, it being of plant origin implies that it has reduced impact on the accompanying insect species. At present, essential oils represent the best options from an ecological point of view, since they are friendly with the environment. Therefore, the repellency activity of terpenes is currently being evaluated which may have better effects. However, the cost-benefit and competition with synthetic compounds are the main obstacles that natural products must face in order to integrate them into control programs. The ideal is to have in them a complementary use that increases the sustainability of the current strategies of integrated pest control (Leyva et al. 2009 ).
For DEET, the best repellency results for Ae. aegypti were for the concentration of 10% and for Ae. albopictus the best repellent concentration was 0.1%. As in the case of linalool, no high percentages of mortality were observed, with most of them below 15% at 24-h post-exposure. Schreck and McGovern (1989) assessed five topical repellents with controlled release formulations against Ae. albopictus, showing that this mosquito was more sensitive to repellents than was Ae. aegypti. This can be verified in our study, comparing the results of DEET with both species, where Ae. aegypti obtained a 18.13 ± 3.40% repellency with a 10% concentration and Ae. albopictus with 44.38 ± 4.27% at the concentration of 0.1%. However, with the transfluthrin and linalool spatial repellents, similar levels of repellency and SAI were obtained in both species and with that, other factors such as irritation and spatial repellency caused by the indiscriminate use of insecticides appeared. This knowledge could be used to modify the behavior of the species under control. For both species, transfluthrin and linalool presented concentrations with repellent effects, presenting a high percentage of mortality and effect of attraction only for transfluthrin. Finally, toxicity bioassays are necessary in mammals, mainly for the areas and cutaneous pathways, which are directly related to the spatiality characteristic of these products. To make the necessary adjustments, those spatial repellents such as transfluthrin and linalool will be included within the normative strategies of vector control programs in Mexico.
